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(54) [3&9ie>£*] SI^»S*^B^J:rX^-<ofPdt*j* 



(57) [»»] 

K»S!»S*^H 3 0 3 8 t T 

FT4 0©Bl:»«T5*fti4 2* 1 




(2) 

1 

m-&m i ] «»»fe^fcUT#fflE«ana 2 «cco 

U 

mfE 2 tt©*««r«S^«B3&t»|fil-r Set 3 tcJUitttt, 

[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3 ] t£*£f9, E»5!«a«*K«JC«TN* 

CO l/2^^^fiJffl$n^:^CitC^:0. ^JKjWfiK 

[0004] ccDct^^^s^tc^bT, syttiL&m^ 



#Pi¥6 - 3 4 2 1 5 3 

2 

t» h • *x h;#5£angtf sn* (d. l whi 

te and G. N. Taylor: J. Appl. Phys. 45 4718 1974) „ rcD 

[ooos] fl9JEbfcffl«i»a!yx h-^xhs 
Mivj^^j ^-5^ x yi/^r t>s*$nTv>£ (Toh 

ru Koizumi and Tatsuo Uchida, Proceedins of the Si 
D ( Vol. 29, 157, 1988) . 
[0 0 0 6 ] Z<»&oteaytfo&&W£Vte^m7f; : £- 

[0 0 0 7] JiJfiCDXittCtt, *7XW^fiS§S«© 

[0 0 0 8] b^L^t^, ±fE:£f»£B«©J~*i*fiK 

[0 0 0 9] B10H T^tV yvhU^X^SClCffl 

mi lttgi ofc^-r«Bfffii»x i-xi3&^j,fe»BB 

[0 0 10] ^^X^©*fijftttS«2±«C, ^PA, ^ 

zn* s*y- b /uEi 3 a> £ &y- m«4 # 

SM^ttTit^lTV^o itufSy-hSH4 
*BoTSfi 2 ±©iIl:Sft 5/ U 3 > (S iNx) , 
ifty'J3> (Si Ox) ^6^y-b«iBR5^ 

n> (HT, a-Si £35?*) , Miy'J3>»e 
[00111B1 0 \Z-^T£o\Z. Ha82V-X««7 



t 



(3) 

3 

XAXE»1 0«, ^ItfitLTiilTl^o m 
E7-XAXgSm 0t>mlE7-X*«7£:|!5«&a>&« 

tJ, TFT1«U iTFTniX^7f>^f 
[0012] BIO 43 J;tf0 1 1 F T *ftS 

[0013] mmm^f&z>mmm\zw£i$:i% 
-izMfc-tz z. t\*mm-c$>z>o 

[0 0 14] 

3#»JAtf a-S ite, ^S«^£^*h^5#tt£*>o 
TV>£fc«e>, WETFT nc3fca*AStTS£* K^tCJ; 

[0 0 15] tot, -*(cS9EStE2t»lRl-rs*« 
Jictx 89ETFTllc*Hpj*rsffl»tctt, iK3fc£@rCS 

B-&*>1i:«ft^«t b ^ c <h^£>^ft^ £ © A»7fc£jK 
t>^^<fP^1±l3i^bt t , LCDtlTOHP**«fi 

tit, ytmm<Di&T^^fc^vxL^3o 
[ooi6] &fz. mi Q&&tfmi itc^$n^ct3 

\z, R#«£Sn*ttE»*««9 tttEy-h;UE 

^3££tf7-xAxgsg|i o ttt, 

FT l±fcK»*««9S»jBKTSt, ifeili9t 
KTFT l^>S«t<Z)fflSfPffltC«fcoT» MEV-Xt 

RTFTl#X<^>y*T£LTtt^Lfc<& ^ 
H9ETFTl±tcKJfe*tt«9Sr»*TSC 
tlitfS^ ^-(Dfc«)»lfe*««9<Dffla3&«/h$<)6: 

[0 0 17] *««oaBH ±EHH££#ftU si 
[0 0 18] 



ii¥6- 3 4 2 15 3 

4 

UT#flE«*n*2tt©s«(D5^ -#*«o«a 

R£J&j£U WE»*SaSrKtti»iRcDIHIOB±© I ! ! '«) 

[0 0 19] 2fe<Z)S«<£>5*>> -JSS±0i 

*««t*ttSfi8Elfe*1H«*«fctfX-f v 
y-hyuEiB, y-x/uis, ^o«S«M«±© 
Jtff^ffiSrS^.t^JcWEJteiRKSr^b, RttiRieo 

Tlftt^tt^ftlfg^Mb, fluE 2 

[0 0 2 0] Me»WlMt4S^^li)t 

[0 0 2 1 ] 

[0 0 2 2] 89Eilfe*«Stt, ^»Sfe*taT43 

0, ffi^S««*^©A»7t*R»T*r < i:Jc«toT« 
*U y— hA'^EJI, V— AA*XE*fc43ct^Rh^ 
>yX^^6^ifSX-<7f>^?» S9E» 

[0 0 2 3] 89Elfe*S«tt, -*StE©jRaii«*ffi 
WEft*«*rt©B0^31fe*««IWJcffi5fc«aJIBil» 

£ e S6E»aiR*«3t*att**:tt3t!ftJRtt»S 

§>j ft *fc-r s nT v *z> 0 

[0 0 2 4] i^UfcCiilCct 0, A-f^^>^*TS8 



5 

tt#STlt, ^pfi«Tt^u^fe^<^l)o 
[0 0 2 5] *589HcttAK* MEIft*«**3G* 

[0 0 2 6] ££>tC. flS^*tR©tt5tRT»S^^y^ 
[0 0 2 7] 

0«^^^i-»r®iaT^o, h 2 ratai Kansas 

3 2/i^lj:y-htl3 3^KLT^5o B&y-hA 

[0028] mmf-hmns 3^iot, huES«3 

l±O^BlC, $Hki' 1 )3> (SiNx) . 8ft->'j3 
> (S i Ox) ^6fiE*y-h*6»K3 4j&^*$n 

JitCteU a - S i ^ £>j££^¥frg 3 5 Ifimj&'ZtlT 
i¥i*!3 5£)M^tCte, a-SiW&jJ5 

ffi;**0>BE:3>*j? hSffi4 i±fctt, iEV-Xli 

[0 0 2 9] 0 2 1-^^-5^, fl&Ey — X««3 6K: 
tt, 89Ey-M»*K3 4*RA,T89Ey-Wt*EiR 

3 2 t^it5v-^;uE»3 9^i$nt(/^ 0 
BEy-x/txE«3 9tt, m^mnmtvxmmLx^ 

[0 0 3 0] !&i£Lfcy-h««3 3, y-h«liBi3 
4, fSfltf3 5, y~X««3 6:fci;tf KU-f >«« 
37liTFT40^««LT^0, RTFT40ttM 

[0 0 3 1 ] 89ETFT4 0 nfc89EX« 3 1 
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6 

4 3at»j£sn*««&i»^T, ^ai«&fi«Jr»dc$ 
ntv^. WE3>^^ h*— ;i/4 3 

£ffitCi£bgB4 2 a*»J$bfc»'T, »3>i^h*-;U 

4 3omm±^mmtircm^ei4 2 a^Btesr^jcs 

Cl/TfeJ;K 6frS£©i5tcL/T^fiKSnfcSEflffi4 2 
aZm-oT, ffiE£K3 l±±Hfc*«*»«4 2 
^$nxv^o RW«*B»R4 fuE£i§&4 2a 

JCJKi;T»^^lC^SnSifi»4 2 b^Ctl^o 

ft*, tftEKW >ii3 7«»ta, ffiE^tfMBfMR 

JO 4 2S»j*Uft^CtJcJ:^T, fuE3>^ h^— ;u 

4 3«$tm^ 0 

[0 0 3 2 ] JiJ6<0«t5^»«Snfc89EW«llBIMI4 

^M*ttl3 8 5i«$nTi5 0, i£MMSS3 8tefu 
E3>*^ h*-;i/4 3 tC*50iTH9EFK>««3 7 

«i$nti^ B WE#«*6iRK4 2tt3t»« 
[o o 3 3] mm^Mmms s\$, m2\z^^n^>^o 

fC T F T 4 0©¥i#:I3 5 t&RWO?-* Z-Jl'&J&ifc 
L^^g«i:M^nt^^ SS»««3 8lt S9E 
y- h/USi3 2*3J;tfV-X/t;*E»3 9 
hu E W8§#6liJBI 4 2^LTll$n§i;5tilTM 
$ntV^o Z.0)fc#>, KS»lfi3 8H RD'&SR 
Mm® 3 8 <t«SWfciBlittie$«^«HTS«^€r 

<?0 [0 0 3 4] — MI21S3 1 tc2tfrbTKM2n£ 
H4 6±tlH ^J7-7^M-4 7^M$nT^ 

s. 7©tsa*K3 i 

S3 8ic#ffr-f £{£gf;:fcL T"tf>^*fctty»J->o 

7^j^-4 7a«^^ntt/^o M*/^-y 

j)l$?~4 7±(D±m\z\^ I TO (Indium Tin Oxide) 

[0 0 3 5] ft*, *58WTti. MESS 3 1±0)h8E 
ffifitR4 2*t3t»iRtt^fctt3t«aft»Sl^i^«)M^ 

[0 0 3 6] _tm<D&o\ZMf&2tl1tm&9L3 1. 4 6 
tt, t9EK*f««3 8 ^HuEy^;V^-4 7 

[o o 3 7] *^-y^;^-Sffl^ 



7 

[0 0 3 8 ] h 3 ttH i Rtf a 2 i:^$nsfl«stt 

nSrlitfeO, H5UB3<Dl8a 5T?JB^6tt5 
7X^5 1©¥HT^o 04 (1) ttH3(Z>Xga 
4£*U 04 (2) «0 3Ol8a5S*U 04 
(3) fc*H3<BXga 6£^U 04 (4) &03<7)X 
ia8^U 04 (5) liH3©Iia9SSLT^ 

[0 0 3 9]Ilaim #^X*&>£jS£l6»fl:a 
S3 1±IC, X/^y^U^&tCcfcoT, 3 0 0 0ACD 

[0 0 4 0]lga2TH ^XVCVDSlCJ;!?, 
4 0 0 0 A<0JP2CD£{b->U3> (S i Nx) ^e>j*s 
y-hiIi3 4^Mt^ 

[0 0 4 1 ] I@a3 Tte, ¥^ffcg 3 5 <h&£Jp£ 1 
OOOA^a-Siit, h/f 4 1 £&£Jp£ 

4 0 0A(Dn + la-S ilt?:, flufHIg/f Ta^MtC 

[0 0 4 2] Iga4 Ttt, StE 3 1 _h£ffit;:JP£ 2 0 

T, KK>tS3 7&tfV-X/U 

e«3 9£»fi!cU TFT4 0«n o 0 4 (1) 
tt, Xga 4ST©fflaj»TSI©TFT4 O^JBjc^n 
fcS«3 1 0>SrffiB-r*£o 
[0 0 4 3] Iga 5TH S9ET F T 4 0 Life 

m<Dm^\zm^iV, 0 5 ussnsvx? 5 1 

T\ 04 (2) {C^$nScfc'5^ia«4 2 aSrJgfiET 
3. iVX^5 l«Ctt»J»TSTn»©J£3t«a«5 I a 
OESc7)^$ D 1 tt, iBE5tie« 5 1 b coitgcDft £ D 2 
J;9fc*fr<^j*3nTt>*o WAHdujio/zidT 

D 2 & 5 MinT^^o 

[0044] s^c, *nmmx*te. 2 5 

la, 5 1 b^tt^VX^ 5 1 ^fflt^c^ 
[0 0 4 5] HfffSvX^ 5 1®, #SBT5Ig 

ytnms u, 51 b^Mt^i^^ctnn r^ 

>^^7 h^-;p4 3©««iCdha54 2 a£Jgdrr*££ 
^86±T#5o *fcfcL ±ffilc£iH$4 2 a£JBjaU£« 
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©ttau 2 a*i»*-r3&gra;&<, ■toa'&ttftje-r 

§Iga 7©g3>^^7 h7K-;i/4 3 Sr^TSIBJCl» 

[0 0 4 6] Iga6 lg31 ±^ffl(ClS3ttt» 

J§g4 2 6ff*l<tt2 Mmtt±©JPSfca*&U 04 

(3) (c^$nSct'5tc»e»^35:Offi4 2 b^WTSH 
iS3ttt»H4 2 *mjgL?Z>. 

[0 0 4 7] Iga7m 7^ h'JVy77^-M 
10 ffl^TH4 (4) ^$nSJ;3^»aE3ttt«JIB4 2tC 

f(ffHa>^^ h^-;i/4 3^^-r^o 

[0 0 4 8] ±j£LT^fcHaiH*3ttt»lB4 2 

>hXl/^hD"^X («c) -CK) £jflt^ 

«ms 7 o \z x-xm<Di&T&&'et-rz zL<tiz<k-D rxm 

gtLTH 0. 1 — 3 /zrag^^jgLTV^o 
[0 0 4 9] $6 ^^KiRttRrX^ftattOM^OilStt 

JBIR7 2SriBUT^S. ^tlte, ±*©STA»3tS« 

[0050] %fz, Mftmytftmmteztiizm&ztiz 

[0 0 5 1] Iga 8 7?H fl§B4 2 b £ £ BHttt 
^SM4 2XCO±ffitC0 4 (4) ^TK^n^ct ^ ICT^^ 

[0 0 5 2] Iga9T11 04 (5) \Z^2tlZ>&? 
\ZRMM&3 8 gRWf!3 8 

ty-h/^^mms v-xaxbb»3 9®ww 

««3 8l£. M8B«3tttl»IIB4 2^»d£*n&3>^^ 
^ ;W 3^LTTFT4 0CDHK>1S3 7 £ 

gK4 2ate, Jfet, 3g«> r;^-^A©X7f>^ 

[0 0 5 3 ] 2Z\zmZttW>4 2 a<DMmt, VX^ 5 

TSJW-T^^ai^TS, RO«4 2 a<&«tt, Rdb8B4 
2 a*»d£»J»j!i31&-r«)C:<i:fcJ:oT*a^S(«>Ct 



1 
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CO 0 5 4] Hl*c*Sn^8a82*tE3 1K#I«1LT» 

&a i tos^sso, ssuioo oAts§, * 
mffe^wm<S3 8, mmmmA 8±«B4 4, 

4 911 tfu-f* F^£^ffif£4fe&T3£<hlcJ;oT^ 
[0 0 5 5] $ blC*1^3 1 , 4 6HtCtt«^tH8 Mm 

ITU WIAtfMftfiSSSXUfeyxh^XhiiKS 

(;*;Wth»> ffifi* ZL I 2 3 2 7) tC, 3t^ffitt 
*« (Wttl, ^p«S8 11)^4. 5%mAh 

[0 0 5 6 ] #*«gM0Ei#a!*ft*^*«3 OTtt, 
&K3 1±^M1I3 8&JgjSLfcffi)^ jftiJIftllc 

[0 0 5 7] S53ttt»IIB4 2^^ft5a«4 2 a ^ 

S«4 6±<oy^y ^v^^^&t^felliSD^toiir^f© 

CO 0 5 8] #^Jfi«"ete, X&3 l±©Kit»IBT* 

co o 5 9 ] $ z\z. ^mmmx'\tytw^rc\t^tm 

> tC ± o Xfr 5 H 1 1> pT ffiT » 3 . 

co 060] £fc, jt»iRtt*fc»3t«att*^r-r-5i« 

7ttt1SIg4 2 iiLT^hWyA h&JB^fc*** CtlfcllS 
CO 0 6 1] £iE>lC#^ft{*rai, S*3 1 tlt^7 
[0 0 6 2] S/t*^Jfi«E«0^*Jl/"??E»«S3 8 

= 30° ^^AWLfc^fcwrs/t^^ffiS^riaKOjEit $0 
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[0 0 6 3] (3ISS^J 2 ) H8H *5SM©ffiOSlfiW 
T^WMiSS^gl^M I M (Metal-Insulator-Meta 
i) 6 4^«^n/cSS6 5(D»rffi0-e*£o 

[0 0 6 4] *f7A«^6SE*J»»tt©»tR6 5±fc* 

K#snTv>&. *nsfi«Ttt, r~f»««6 itvx 
m^zz.£ifi-e&* m&it* (Nb) 

W^tfftfb*^^ (Ta 2 0 5 ) ^^^S6il6 2^ 

^UA (Cr) j&>i&ja£±ffi««6 3**JgJ5fc£ft£o 
[0 0 6 5] *^««T?^. R±SBS*I6 3<hbT^D 

[0 0 6 6] WiJlxfcT»«l6 1> ffiM6 2&J;^ 
±a$mM6 3ti, MIM64^ML, iMIM64tt 

[0 0 6 7] mlf2±^«^ 6 3 (DSSB 63a tcte, I T 

M6 4 tflutB^ft^ffi9 0*l»tt$nfcSfi6 5_hlCl 
tt. HJSWl"C^fcdb«4 2 a£mm&&8t<Da&6 
6 a^l£i£T£3>^ h*-;U6 9j&*»jS$n£lStt 

[0 0 6 8] fc*3, WIS3>^^7 h^-;i/6 9WMf£t< 

n&mmiz, m&me 6 a^«btfe«j;<, s^as 

6 5±£BicRt£bgB6 6 a£Jgj*«, Rzr>^ h^- 
;i/6 9A«»fi!E$nS«*S±^»dc$nfc»iniaB6 6 a£ 

12X^6 5^ffi^««lT?^fcW«»»IB4 2 i:^ 

SMBB»«« 9 Officii* ffiE^ttlfiJBIIS 6 6 £ 
&f&Lte^Z.£\Z&'DXmtt>?? h*-;V6 9#» 

[0 0 6 9] itflfBWffifc&irSi 6 6 KOJ^Wfi 6 7 te, 

iufSM i M6 4^jBS$nfc««£Ji^©s«^, t;v^ 

fCtt#«*fiiftK6 6(Odi^6 6 bUSU/r?ft^&aa& 

[0070] B9it tfffBM i m 6 4 <Dmmj5m&wiw 
-r&tctfxDmmmx&z* 

[0 0 7 1 )19 (1) \Z^£tlZ>£o\zmfc§ 5±tC 



I 



il 

TZ> 0 »j£l,&TaiR±K:H9 (2) {C^SftS US?X 

hi^mu m^thxmmL. 09 (3) ic^n 
^^^cii/yx h 9 i =£;^-> - >n^o IStiib 

fcTaiSX7f>^lfc», gl/yX h 9 1 £iiJ8§ 
[0 0 7 2] «V>T, 09 (5) ^SnSct3t»iBE 

Ttt, T aI4BiKftft*ffi^TT a20st I, 
16 2£f#T^£ 0 
[0 0 7 3] ^ric$nfc»««IB6 2±\Z\t, 0 9 

(6) tc^$n^j:o^_hgB^6 3^»j*$n-5o m 

[0 0 7 4] C©J;5f:LT"FMi6 1, ^i!6 
2, ±(B««6 3^SJ5KSM I M 6 43&^j«SnSo 

[0 0 7 5] ±mi>rcJ:o&M I M 6 4T11 B9iBL,jfc 
T F T 4 0 <D«t -5 3^5t*««^^^#»€rffiffl L&V>OD 
I M 6 4&my£T : £>i&9tltfc\,*&. ^MM<D 
<fc3tcMM IM6 4±fc5tffcatt&#-r^»»R^»^ 

[0 0 7 6] *»!Rft*^-r#««jB!B^ipJ^-r 
[0 0 7 7] *HJfi«"C©«-«ilBaiS6 6tlTOM 

[0 0 7 8] lKttTfe^/7Xf^e^^PJ 

[0 0 7 9] tfjlB^JS^JfC^^T^^-K^L 

5fc3fc«aSS^E:-h\ »StttLCD"C«Effl$n5 
[0 0 8 0] X^7f>^iftlTTFT, M 
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[0 0 8 1 ] 

wtiflxit-teir. mz^xmu7,-( v^y^m^iE 
[0082] &tz*f&mz&ti\i* mmmmm^mmn, 

[0 0 8 3] ^/z> t&mm<D&m\z\*m$frfcw£h&M 
&2nx^z><Dx\ zikmnmtytmn*VE& 

^ [0 0 8 4] 2 *>\z*§&m\z£ti\I. ffiSSSlc^^y 
[Hi] Bill *«WC0H6Jfi«T*-5K»a!»SS 

[0 2] 02tt 01 fd^^n^S«C7)^S0T^^o 

[0 3] 0 3ti, ssitas^^flE-rsxa 

0-r^^o 

30 [0 4] B4tt, a 3 IC^t Ig$fl#BI:»«t-5S 
[0 5] 0 5tt, H3Kl^"rX8"CfflViSVX^©¥ffi 
[0 6] H6lt *K^©-38M«l"t?*SKS#a!*ffiS 

[0 7] i7H *5sw©-*is«-c»sR»a!«aa 

[0 8] H8lt *58«<0-^iflt*5S»I«Sa 
^ [0 9] B9lt 0 8tC^TMIM(D§3i£X*i£ll#:itt 
[010] B10H iRh7>^X**f«a*© 
[Bll] Hlllt 010 t^£n3S«<2>»f®0T 

1,40 TFT 

2 , 3 1, 4 6, 6 5 2£ 

3, 3 2 y-hAXESR 
50 4,3 3 
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5, 3 4, 6 2 y-bmmm 
6,35 ¥m#m 

7, 3 6 y-xtl 
8,3 7 FK 

9, 3 8, 6 7 Kmmm 

9 a MP8 

10, 3 9 V-XAXKigg 

3 0 SttSKSX^fll 

4 1 3>^^hll 

4 2, 4 2 a, 42b, 6 6, 6 6 a, 66b, 70, 

7 1, 7 2, 91 WttflfiftK 

4 3,6 9 3>^^7 h*-^ 



14 



4 4, 4 9 
4 7, 4 7 a 

4 8 S91ttB 

5 o ma 

5 1 VX^ 

5 1a, 5 1b 

6 i ymmm 

6 3, 6 3 a _tgE«ffi 
M I M 



6 4 
10 9 0 
X 1 
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